In view of well established gross constitutional similarities among subjects of a given disease, based on morphology and personality evaluation, the question arose whether analogous phenomena might likewise extend into the microscopic aspects of. these subjects; whether the cells of all bodily tissues may show recognizable characteristics of appearance and reaction which stamp upon them an individuality comparable to that which marks the whole animal. The cells most readily available for such study and those which easily display observable qualities, because of their motility, are the leukocytes of the circulating blood. Consequently, an investig,ation of the buffy coat by tissue culture was undertaken.
Since the early cultures of human leukocytes by Awrorow and Timofejewskij in 1914 (1) , the technic has been modified in various ways and has become a successful method for studying the behavior and developmental potentialities of the white blood cells. The chief concern of previous investigators has been with the sensitivity of fibroblasts and monocytes to their environment. Such studies have dealt with colonies of cells maintained in vitro for several days or weeks.
The present investigation is restricted to the first 24 to 30 hours of in vitro existence, during which time only slight changes in cell form have taken place. Freshly explanted cells have earlier been employed by Chambers and Grand (2, 3) in their studies of chemotactic reactions of leukocytes, and by Mallery and McCutcheon (4) who showed that the activity of freshly drawn leukocytes varies with the state of health of the patient from which they are taken. In the case of patients acutely ill with certain infectious diseases, cell motility is decreased. Lewis (5, 6) has described the locomotion of both neutrophilic leuko-I Aided by a grant from the National Foundation for Infantile Paralysis, Inc., N.Y.C. cytes and lymphocytes in culture media. Finally, Carrel (7) has shown that buffy coat cultures from the blood of certain animal species take on individual patterns in vitro (5 to 6 days). Repeated cultures from the blood of a given individual yield identical cell patterns. The work of the above mentioned investigators has in many cases touched upon the problem of specific and even individual differences, but no comparative study, using man as the subject, appears to have been undertaken by this method.
Our object in this research was to investigate the possible existence of constitutional characters in the form and conduct of cells from the blood of human beings who were subjects of acute anterior poliomyelitis.2 For controls, buffy coats from constitutionally stamped susceptibles to three other diseases, namely peptic ulcer, coronary occlusion, and gall bladder disease, were used. These particular groups were chosen because it had already been shown that they display -the greatest gross constitutional differences. Preliminary observation demonstrated that the greatest contrast in cell culture characteristics obtains between cultures from subjects of poliomyelitis and of gall bladder disease. The other controls, those bearing peptic ulcer and coronary disease, were found to be disposed at intermediate points between these two extremes. Now if the hypothesis of constitutional susceptibility is correct, then the individual characteristics should be demonstrable at any time in the subject's life. However, the obvious temporary changes which the body undergoes in acute, especially febrile illness, may to some extent distort or obscure some of the permanent criteria of the individual's personal identity in health. For this reason, blood was taken from 2 Poliomyelitis cases were made available through the courtesy of Willard Parker, Orthopedic, and Ruptured and Crippled Hospitals and the Jersey City Medical Center. some patients in the acute phase of infantile paralysis and from others during later stages of recovery. Indeed some of them had had their acute illness five to thirty years before. The latter were chosen in order to secure blood whose numerical and differential white cell counts were normal in the ordinary sense. From these observations, we have gained the impression that the culture characters herein described do not represent changes caused by the presence of the disease itself, but like the gross factors also express an aspect of the individual's constitution.
METHOD
The general picture of leukocyte migration in a plasma clot medium, as has been repeatedly shown by previous investigators, is as follows: The cells from the explanted buffy coat, incubated at 37.5°C., begin to migrate outward in a uniform corona almost immediately, so that within 1 or 2 hours a macroscopically noticeable areola is formed. Monocytic cells preponderate in the van. Neutrophil leukocytes appear somewhat later and move outward more slowly. They are therefore found in greatest numbers near the explant. In 24 hours the extent of the areola is no longer well defined; it has become diffuse and generally covers the greater part of the area available. By this time the neutrophil leukocytes have begun to degenerate and disappear as have also some of the lymphocytes. Mononuclear cells have begun to increase in number by division. Changes in size and staining properties make it impossible to distinguish between lymphocytes and monocytes in most cases (8) .
In the present studies, the following procedure was used:
A 7 cc. sample of blood was drawn into a syringe containing 1.1 cc. heparin in 1:2000 dilution. Further anticoagulant measures included maintenance of materials at low temperature and the use of tubes previously treated with NaOH for collection of blood, and tubes lined with paraffin for plasma.
Blood was centrifuged at 3500 r.p.m. for 15 minutes and the supernatant plasma pipetted off. The buffy coat was removed and divided into fragments about 1 mm. in diameter. Tissue culture preparations were made by the Maximov slide method; 12 explants were usually prepared from the buffy coat of each patient's blood. All operations were carried out under sterile precautions.
The preparations were incubated at 37.5°C. and observed at appropriate intervals. Since we were concerned principally with cells in their initial aspect rather than with transformation forms, cultures were maintained only 30 to 48 hours after explanation. The advance of cells into the culture medium was recorded by measuring the average width of the areola (to the nearest 0.1 mm.) at 3V2 and 24 hours, respectively.
Records were kept of the degree of activity evinced by the cells, and of the types of cells present; cells were typed according to form and motility, not by hematological groups. Whole cultures were fixed and stained with Delafield's hematoxylin and eosin or with toluidine blue and eosin during early hours of incubation and at approximately 24 hours of incubation. Differential counts of hematological cell types were made for the 24-hour cultures, fields being counted at all levels of the areola from explant to advancing edge, including approximately 1000 cells. Total numbers of cells present in the entire areola, type distribution, etc., were then calculated.
PROCEDURE
Three hundred and twenty-eight cases, selected solely on the basis of the disease from which they had suffered were studied. As the work progressed, it soon appeared that age and sex played a minimal role in the phenomenon of culture growth. For this reason, these two factors were disregarded in the calculations. Characteristics of areola formation, rate of increase in areola size, aspect of the advancing margin, and cell form are best defined in most cases during the period from 2 to 5 hours after explantation. Further information on activity, shapes, and disposition of the various cells can be obtained after 24 hours of incubation. The various observations were therefore made on all cultures at these two stages.
Cultures from subjects of the 4 different maladies have been found to vary in the following respects:
1. Areolar size. After 3Y hours' incubation the areola breadths were measured and the following results obtained (Table I) : In a general way, the size of the areola at the 3½2-hour and 24-hour incubation periods enables us to identify the culture as belonging either to the poliomyelitis-ulcer groups, or to the coronary-gall bladder disease groups. Since areola size seems only able to discriminate between two main pairs, further observational detail is required to differentiate more precisely the four original groups. It should be added at this point that especially characteristic of cultures from poliomyelitis susceptibles is the frequent presence at the edge of the explant of narrow areas of clumped dead cells and cellular debris. These areas we have called "collars." In Tables VA, VB, and VC further detailed observational (non-measurable) criteria concerning areola and cells are given.
This table of detailed observational criteria was based on the observations made on 328 cases representing the 4 disease groups. It was found, for example, that most of the poliomyelitis areolas were narrow while those of the gall bladder patients were wide. The ulcer and coronary cases usually fell in between these two extremes with the former group almost invariably possessing a slightly thinner areola than the latter. Similarly it was found that the cells from poliomyelitis patients were generally active while those from gall bladder patients were very quiet. Again, the peptic ulcer and coronary cases showed a less extreme picture.
The items in this table, then, represent the most frequently occurring or "typical" patterns. These criteria have been accepted as more or less standard for the four disease groups. When the table of criteria was finally established, each one of 290 cases was graded on a seven-point scale of agreement or lack of agreement with the standards. Thus, we desired to know how many of our poliomyelitis cultures, for example, exhibited all or only a few of the typical characteristics for that disease group. A rating of 7 (excellent) signified that the culture complied with the standard in all respects (8 or 9 items), the areola was within the proper size range, the cells displayed the prescribed amount and variety of activity, and all other characterizing points were fulfilled. A rating of 5 (good) was given to those cultures which complied satisfactorily with the standard in most respects (6 Cultures classed 1 (unsatisfactory) were lacking in all but one or two items of the criteria for the specific disease group. The criteria used were 9 in number, 8 observational criteria and areola size.
In Table VII It will be noticed that in the foregoing paragraphs attention has been directed only to the shapes and disposition of the leukocytes, without regard to their identity as neutrophils, monocytes, etc. By fixation and staining of whole cultures, interesting information may be brought to light concerning the proportional distribution of the hematological types.
Consequently, a set of 100 unselected cases, 25 patients from each of the 4 groups, has been drawn up in which differential counts of the hematological types of cells present in 4-hour and 24-hour cultures were made on specified sectors of the areolas, approximately 1000 cells per areola being counted.4 At 24 hours it is impossible to distinguish between most monocytes and lympo- Tables  VIII and IX. It would appear that the differences in total and differential counts as shown in Tables VIII and IX may be definitely related to the different sizes and characters of the areolas as described above. It is also evident that the polynuclear neutrophils play the major part in these variations.
It is noteworthy that in the gall bladder cultures the absolute neutrophil count is 81,900 as against 12,150 for poliomyelitis; the respective mononuclear counts are 34,600 and 37,100. It is therefore obvious tlhat, at least in the 24-hour culture, the difference in total count is altogether due to a difference in absolute nieutrophil count.
DISCUSSIONi
In attempting to interpret the meaning of the foregoing observations, it should be pointed out that many of the distinguishing characteristics noted in living cultures may be attributed simply to the numbers and relative proportions of the various cell types. But other qualities which do not, to our knowledge, depend upon discernible hematological differences, but presumably upon some factor or factors which independently influence individual cell behavior. These qualities are expressed in the plastic aspect and modes of cellular locomotion. The obvious differences in general appearance between cultured cells from poliomyelitis and gall bladder patients, for example, or between those with ulcer and those with coronary disease are not solely quantitative. We are convinced that these living leukocytes assume in one case noticeably different plastic appearances and movements from those in another. This phenomenon may express certain qualities of constitutional physiology and may be analogous to the individual differences so easily seen in any whole living animal. The immediate reason for decrease and disappearance of polymorphonuclear cells at an earlier hour in certain cultures than in others may, at this point, only be conjectured. A difference in fragility of the cells, reflected in their resistance to the mechanical forces involved in centrifugation and handling may be a factor. It is typical of the poliomyelitis cultures to find collars of disintegrated cells at the edge of the explant. But there is no doubt that variable energy in locomotion may be another. Differences in mononuclear cells in regard to aspect, mobility, and cell multiplication can undoubtedly be demonstrated. But it must not be overlooked that chemical and physical variation in the plasma may be partially or wholly responsible.
Much experimentation already reported in the literature has seemed to indicate that it is the medium in which the cells are maintained which primarily determines culture pattern (7, 11, 12) . Tn the case of leukocytes cultivated in autogenous as well as homogenous plasma (plus 9-day chick extract), it is very likely that there are slight differences in chemical content of the plasma of the various individuals studied, which in some degree influence the behavior of the cells. In this connection, Baker reports that various proteolytic digestion products have different effects on the morphological appearance of the monocytes (13) . However, the limited investigation of the media which we have made (namely crossing plasma and cells) points toward the conclusion that concerning in vitro behavior the plasma base does influence the pattern to some extent, but that this is a factor of less importance than normal variations among the cells themselves. It is impossible at this time to mark out clearly the interrelation of these two factors, but the question is of minor importance to the issue at hand. Since both plasma and cells in any of our preparations originate from the whole blood sample, the eventual manifestation of variation in terms of cell behavior may be regarded as a valid constitutional criterion regardless of the relative weight of factors determining that behavior. The most striking result of these studies is the vast difference displayed by comparing the patterns of buffy coat cultures from subjects of poliomyelitis and those of gall bladder disease. Less emphatic differential criteria are also discoverable in the samples from ulcer and coronary disease. But because these groups occupy intermediary positions the differences between the patterns of adjacent groups do not achieve such an extreme order of magnitude as in the first mentioned comparison.
The studies of gross constitution which have been based upon the observation and record of the four panels of personality (morphology, physiology, psychology, and immunity) have shown that inlividual human types correlate with specific disease potentialities. From the study of the buffy coat cultures, similar correlations likewise appear. Thus, for example, in 217 of the 290 cases it has been possible to obtain evaluations for gross constitutional characteristics of the individual as well as culture ratings. These gross ratings are based on anthropomorphic, physiological, and psychological criteria recognized for subjects of each disease group. These standards have been described elsewhere (9, 10) . A tabulation of these two sets of data follows (Table X) .
Each of the two methods (gross or microscopic) shows an emphatic tendency to agree with the accepted standard for the method. The significance of the information derived from these two sources is not clear. But there is no question that the knowledge contributed by each points to the important conclusion that the personal identity of each individual is complete. It should be emphasized that by both methods some overlappings of types are found, but these are not sufficient to blur out the fundamentally basic type differences. In view of these observations, consequently, it would seem profitable to pursue further the cellular approach to constitutional research, and to include the cells of other body tissues in similar'studies. 
